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Zone Folding: Traditional view 



Crystal Structure & TSBP 

qTSBP Ba122 

CHLIN et. al., PRL (2011); Ku, Berlijn & Lee, PRL 104, 216401 (2010) 
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Crystal Structure & TSBP 

qTSBP Ba122 

CHLIN et. al., PRL (2011); Ku, Berlijn & Lee, PRL 104, 216401 (2010) 
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TSBP with Parity in 2D 
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Local Gauge Transformation (I) 
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Local Gauge Transformation (II) 
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FeTe   𝒌𝒛 = 𝜋  



Local Gauge Transform in k space 

dz2, dx2-y2 and dxy 

dxz dyz 

  A(𝒑 ,w) in math space   A(k,w) 

𝑎 𝑥𝑧(𝑘) 

𝑎 𝑥𝑦(𝑘) 

𝑐 𝑥𝑧(𝑘) 

𝑐 𝑥𝑦(𝑘 + 𝑄) 

 

 

k=physical momentum   𝒑 =pseudo-momentum 

FeTe 
𝒌𝒛 = 𝜋 



Possible Orbital Misinterpretation 
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𝒄𝒖𝒕 𝟏 

𝒄𝒖𝒕 𝟐 

𝒄𝒖𝒕 𝟐 

𝒌𝒛 = 𝜋 

Brouet et. al., PRB 86, 075123 (2012) 



Parity-Switching TSBP 

Fe1.03Te0.74Se0.26
 

Grioni et. al., unpublished 

FeTe 
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Local Gauge NOT Panacea 

𝒌𝒛 = 0.5𝜋           3D effective 5-orb model 

 

[𝑃𝑍𝑇𝑥 , 𝐻0]=0; [𝑃𝑍𝑇𝑦 , 𝐻0]=0; [𝑇𝑍, 𝐻0]=0 

But [𝑃𝑧𝑇𝑥 , 𝑇𝑧] ≠0  !! 



Single Gap Structure in Math Space 

∆(𝑘)~∆𝑠+−(cos 𝑘𝑥 cos 𝑘𝑦) + ∆𝑠++(cos 𝑘𝑥 +cos 𝑘𝑦) 

dz2, dx2-y2 and dxy dxz dyz 

+ + 

- 

- 



Orbital Parity Selective Nodal Structure 

Odd pairty nodal lines Even pairty nodal lines 

∆(𝑜𝑑𝑑, 𝑘)~∆𝑠+−(cos 𝑘𝑥 cos 𝑘𝑦)  

                + ∆𝑠++(cos 𝑘𝑥 +cos 𝑘𝑦) 

∆(𝑒𝑣𝑒𝑛, 𝑘)~∆𝑠+−(cos 𝑘𝑥 cos 𝑘𝑦)  

                  - ∆𝑠++(cos 𝑘𝑥 +cos 𝑘𝑦) 

dz2, dx2-y2 and dxy dxz dyz 
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+ 

+ 

- 
+ 

- 
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Real Space Pairing 

∆(𝑜𝑑𝑑, 𝑘)~∆𝑠+−(cos 𝑘𝑥 cos 𝑘𝑦)  

                  + ∆𝑠++(cos 𝑘𝑥 +cos 𝑘𝑦) 

∆(𝑒𝑣𝑒𝑛, 𝑘)~∆𝑠+−(cos 𝑘𝑥 cos 𝑘𝑦)  

                  - ∆𝑠++(cos 𝑘𝑥 +cos 𝑘𝑦) 

𝑥𝑧/𝑦𝑧 

𝑥𝑦 



Real Space Pairing 

∆(𝑜𝑑𝑑, 𝑘)~∆𝑠+−(cos 𝑘𝑥 cos 𝑘𝑦)  

                  + ∆𝑠++(cos 𝑘𝑥 +cos 𝑘𝑦) 

∆(𝑒𝑣𝑒𝑛, 𝑘)~∆𝑠+−(cos 𝑘𝑥 cos 𝑘𝑦)  

                   - ∆𝑠++(cos 𝑘𝑥 +cos 𝑘𝑦) 

𝑥𝑧/𝑦𝑧 

𝑥𝑦 



Real Space Pairing 

∆(𝑜𝑑𝑑, 𝑘)~∆𝑠+−(cos 𝑘𝑥 cos 𝑘𝑦)  

                  + ∆𝑠++(cos 𝑘𝑥 +cos 𝑘𝑦) 

∆(𝑒𝑣𝑒𝑛, 𝑘)~∆𝑠+−(cos 𝑘𝑥 cos 𝑘𝑦)  

                   - ∆𝑠++(cos 𝑘𝑥 +cos 𝑘𝑦) 

𝑥𝑧/𝑦𝑧 

𝑥𝑦 

𝑁𝑜𝑑𝑒𝑠 𝑖𝑓 𝑡𝑤𝑜 𝑔𝑎𝑝𝑠 𝑠ℎ𝑎𝑟𝑒 𝑡ℎ𝑒 𝑠𝑎𝑚𝑒 𝑠𝑖𝑔𝑛. 



Experiment: ARPES 

∆ 𝑜𝑑𝑑, 𝑘 ~(−∆𝑠+−+∆𝑠++) cos 4𝜑  

∆ 𝑒𝑣𝑒𝑛, 𝑘 ~(−∆𝑠+−−∆𝑠++) cos 4𝜑 

Ota et. al., ArXiv 1307.7922 

(BaxK1-x)Fe2As2
 

𝑥𝑦 



Experiment: ARPES 

∆ 𝑜𝑑𝑑, 𝑘 ~(−∆𝑠+−+∆𝑠++) cos 4𝜑  

∆ 𝑒𝑣𝑒𝑛, 𝑘 ~(−∆𝑠+−−∆𝑠++) cos 4𝜑 

𝑥𝑦 

Ota et. al., ArXiv 1307.7922 

(BaxK1-x)Fe2As2
 

∆𝑠+−~ − 1.2  𝑚𝑒𝑉 
∆𝑠++~− 1.1 𝑚𝑒𝑉 



∆ 𝑜𝑑𝑑, 𝑘 ~(−∆𝑠+−+∆𝑠++) cos 4𝜑  

∆ 𝑒𝑣𝑒𝑛, 𝑘 ~(−∆𝑠+−−∆𝑠++) cos 4𝜑 

Okazaki et. al., Science 337, 1214 (2012) 

KFe2As2
 

Experiment: ARPES 



Experiment: STM 

∆ 𝑜𝑑𝑑, 𝑘 ~(−∆𝑠+−+∆𝑠++) cos 4𝜑  

∆ 𝑒𝑣𝑒𝑛, 𝑘 ~(−∆𝑠+−−∆𝑠++) cos 4𝜑 

Allen et. al., Science 336, 563 (2012) 

LiFeAs 

∆𝑠+−~ 0.4  𝑚𝑒𝑉 
∆𝑠++~ 0.6 𝑚𝑒𝑉 



Conclusion 

• Unique TSBP governed by glide symmetry 

• Orbital parity selective spectral function 

• Orbital parity selective gap structure 

PRL 107, 257001 (2011) 


